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ABSTRACT 
This research focuses on the role of  radiation-dynamics interaction i n  
regional numerical weather prediction of severe storm environment and 
mesoscale convective systems over the central United States. Based upon 
the ear l ier  numerical model simulation experiments, we believe that such 
interaction can have profound impact on the dynamics and thermodynamics 
of  regional weather systems. The research w i l l  be carried out using 
real-data model forecast experiments performed on the GRAY-%IMP 
computer a t  NASAIMSFC. 
0 
The forecasting system t o  be used i n  this study i s  a comprehensive 
mesoscale prediction system which includes analysis and initialization, the 
dynamic model, and the pos t-f orecas t diagnosis codes. The model physics 
are currently undergoing many improvements i n  parameterizing radiation 
pror esses in the model atmosphere. 
The forecast experiments i n  conjunction wi th  in-depth model 
verification and diagnosis are aimed a t  a quantitative understanding of the 
interaction between atmospheric radiation and regional dynamical 
processes i n  mesoscale models as well as i n  nature. Thus, significant 
advances i n  regional numerical weather prediction can be mode. Results 
shall also provide valuable information f o r  observational designs i n  the area 
of remote-sensing techniques t o  study the characteristics of  air-land 
thermal interaction and moist processes under various atmospheric 
conditions. 
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I 0 I. I NTRODUCT I ON 
One of the central issues i n  regional numerical weather prediction 
(NWP) i s  the forecasting of  mesoscale systems driven by latent heating 
beclause of  their often severe nature. The present study w i l l  focus on the 
r o k  of radiation-dynamics interaction in the numerical forecast of  
me!;oscale convective storms of horizontal scale ranging from 50 km t o  
50C km in the central United States during severe weather seasons of  
spnng and early summer. 
It i s  well known that radiation i s  the primary energy source fo r  the 
generation and maintenance of the dynamic systems i n  the atmosphere. The 
dynclmic systems develop within baroclinic patterns as a result of  
horizontal differences i n  radiation budgets. On the other hand, the cloud 
and moisture distribution associated with the dynamic systems w i l l  
modify the radiation field. 
However, i n  short-range (t36 hours) regional NWP, the atmospheric 
radiation i s  generally regarded as a minor diabatic process because the 
ratc of radiative warming/cooling i n  the troposphere i s  quite small in 
comparison with that of latent heating. The mean rate of  net temperature 
change i n  the atmosphere under the clear sky condition due t o  the 
absorption of insolation and the emission of infrared irradiance by a i r  i s  on 
the order of  - 1 O C  per day. To date, an explicit treatment of radiation 
processes i n  the model atmosphere does not exist i n  any comprehensive 
regional models (Pielke, W84). And there i s  s t i l l  lack of any in-depth 
study of the role of radiation-dynamics interaction in  the short-range 
numerical forecasting of severe convective storms. 
0 
Nevertheless, based on ear l ier  case studies we feel that the 
radiation-dynamics interaction may exert profound impact on the 
development of mesoscale storms over the central United States from the 
staiidpoint o f  the following three aspects. 
A. Effects of cloudiness associated wi th  mesoscale systems on regional 
8. Surface heating and moisture source. 
C. Synamic instabil ity in  the planetary boundary layer (PEL). 
radiation budget. 
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I These three aspects w i l l  be discussed in some detail in Section II. 
Scientific questions concerning the impact wi l l  be addressed using 
real-data model simulation experiments followed by detailed model 
verification and diagnosis. The prediction system to  be used in  this study 
i s  the Drexel LAMPS (Limited Area and flesoscale erediction System) which 
i s  a comprehensive mesoscale prediction system. LAMPS includes analysis 
and in1 tialization, the dynamic model , and the post-forecast diagnosis 
codes. A detailed description of LAMPS can be found in the papers by 
Perkey ( 19761, Krei tzberg ( 1 9781, and Chang el 81 ( 198 1 ). 
The model in i t ia l  state i s  obtained from the objective analysis of 
rawinsonde observations based upon the isentropic scheme designed by 
Bleck (1 975). The dynamic model i s  a three-dimensional primitive equation 
model consisting of 15 terrain following vertical levels and a 
longitude-latitude horizontal grid. The model levels ranging from 0 to 16 
km with relatively higher resolution in the PBL. The model physics consist 
of essential dry and moist processes for the quantitative study of various 
aspects of convective storms undw diverse meteorological conditions. A 
brief discussion of solving the racriative transfer equations in the model i s  
included in  Section 111. The numerical experiments and their purposes, and 
related hypotheses to  be tested are described in Section IV. 
11.  RADIATION-DYNAMICS IHTERACTION 
A. The Effects of Cloudiness on Radiation Budgets 
Clouds are the principal modulators of radiation in the atmosphere. 
decreases the effective outgoing infrared radiation and incoming solar 
radiation. The infrared cooling near the cloud top can be as high as 5OC per 
day (Katayama, 1966; Stephens and Webster, 1981) which i s  much greater 
than the average cooling rate under the clear sky conditions, while for  the 
layers below the cloud the cooling rates are considerably reduced. Thus, 
the distribution of horizontal-developing clouds associated with dynamic 
systems can have strong influences on the vertical temperature profi le 
throughout the troposphere and the regional baroclinic patterns (cloudy vs. 
clear sky areas). 
I The presence of clouds increases the counter radiation and, hence, 
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The signi f icance o f  the strong cloud-top cooling may be i l l u s t r a t e d  by 
some resu l t s  from regi  on81 model s i  mu1 at  i ons of a developing cyclone. 
Figure 1 shows the 24-h forecast height,  temperature and vector w ind  
di f ferences on the 700, 500, and 300 mb pressure sur f  aces, respect i  v e l  y, 
between the wet (with la ten t  heat release) arid dry s imulat ions f o r  the 2 0  
May 1977 SESAME case (Chang crt d, 1982). The maximum di f ferences 
occurred over the  regions of intense precipi tat ion.  The model used in the 
simulat ions d id  not include the e f fec ts  of strong cloud top cooling. 
I t  i s  conceivable that  the temperature di f ferences a t  300 mb i n  the 
heavq r a i n  areas over Net~raska and K8tlS8S would have been reduced by a 
f e w  degrees i f  the strong cloud top cool ing had been considered in  the w e t  
model. Th i s  could great ly  mod i fy  the upper a i r  c i rcu la t ions and the 
devel opmen t o f  the sur f  ace cyclone. 
The substat i t ia r e f l e c t i o n  of so lar  radiat.ion takes place a t  the cloud 
top because o f  i t s  1 ~ r g e  lbedo which, except f o r  c i r rus,  i s  on the order o f  
0.5 (Stephens and h e b s t w ,  1981). This deplet ion process may be 
i ns ign i f i can t  so f a r  as the a h s o r ~ ~ t i o n  f inso lat ion in  the a t m o s ~ ~ t i e r e  i s
concerned. Howeve!., i t  w i l l  have contro l l ing e f f e c t s  on surface energy 
budgets over the 1ar.d where so lar  radiat-ion, jn f rared radi8t ion, and 
s e m i  ble heat f lux  represent three m a j o r  heat. exchange processes. The 
hor izontal  different. es i n  surface enerqq .- c. budgets, again cloudy vs. c lear  sky 
conditions, w i l l  cordr ibute t o  the low- level  baroc l in ic i t ies .  
Ei. Surface Heating and Moisture Source 
Because the earth's surface receives more rad iat ive enerqq f r o m  the 
sun than i t  loses i n  the f o r m  of i n f ra red  rad iat ion during thecdaytime, some 
of  the excess i n  rad ia t i ve  enet-qq C C w i l l  be t ransferred frclm the ground t o  the 
atmosphere in  the f;Jrt?l of sensible heat f lux .  The in tens i t y  o f  sensible 
heating i s  large ly  dependent upon the Ch8r8cteriStics of the earth's surface 
and the atmospheric: condit ions. In ar id  regiclns, such 8s the subtropical 
deserts, surface heating plays a v i t a l  r o l e  i n  the low- level  c i rcu la t ions 
(Ctiang, 1980; Tang and Rei ter, 1984). 
The mois tu re  sources fot- the development of cot-ivective s t o r m  are 
c losely correlated w i t h  the 1i:lw-level c i rculat ions.  In the centra l  United 
States, a m a j o r  soiirce i s  the nor thward  wartn mo is t  a i r  streams 0 
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or ig inat ing over the Gulf of Mexico. During the severe weather seasons of 
spring and ear lg  summer, one o f  the m a i o r  mechanisms contr ibut ing 
s ign i f i can t ly  tcs the maintenance of sucii nor thward  f l o w s  of  w a r m  m o i s t  
sit' i s  believed t o  be surface heating over the a r id  regions of  Mexico cnd the 
southwestern United States. 
I Par t icu lar ly ,  over the Mexican highlands due t o  very l o w  mois tu re  
content i n  the a i r  and the underlying surface, and the near-vert ical so lar  
pos i t ion  a t  loca l  nocln so la r  rad ia t ion  works  very e f fec t i ve l y  i n  heating the 
earth 's surface. The thermal  l o w  generated as a resu l t  o f  intense sur face 
heating enhances the east-west pressure gradient across the Gulf o f  Mexico 
and consequently the nor thward  f l o w s  of  w a r m  m o i s t  a i r .  Hence, sur face 
heating can have a d i rec t  impact  on severe s t o r m  development i n  the 
cent ra l  United States. The neglect o f  such an impact  i n  regional NWP may 
resu l t  in  mi underpredict ion o f  convection in  the model. 
Figure 2 shows aj) the s imulated 24-h 500-mb height and w ind  speed, 
h) the corresponding ve r i f i ca t i on  map (NMC analyses), and c) the si tnulated 
24-h 300-mb vot-tici t y  and 500-mb ve r t i ca l  mo t ion  f o r  the severe s t o r m  
case of  10-1 1 A p r i l  1979. The in tens i t y  and pa t te rns  of  the model systems 
are i n  good agreetisent w i th  the observations. The stt-ucture o f  the upper a i r  
j e t  and l o w  suggests s t rong synoptic-scale fo rc ing  over Oklahoma and 
Texas where enduring severe convection was observed (Moore and Fuelberg, 
196 1). Despite these we l l -s imu la ted  dynamic systems, the model d id  no t  
p red ic t  the longevi ty  o f  the organized convections i n  the cent ra l  United 
States.  
The forecast  deficency was p r i m a r i l y  a t t r i bu ted  t o  the lack of  
mo is tu re  supply. Surface teniperature ve r i f i ca t i on  maps (not shown) 
revealed sys temat ica l l y  l o w e r  model surface temperatures over Mexico 
were  noted. Conseqiiently, The model f a i l ed  t o  generate a sur face l o w  over 
the Mexican highlands and s t l i f ted  the s t reams o f  w a r m  m o i s t  a i r  t oward  
the Gulf States instead of  CWlahoma and Texas as observed. 
Also, Carlson et u,! (1983) suggested tha t  s t rong surface heat ing over 
the Mexican plateau in  conjunct ion w i th  synoptic-scale mot ion  was 
responsible f o r  the creat ion of  an elevated mixed-layer invers ion over 
Texas. The i tiversion prevents the outbreak o f  thunderstorms over a large 
area and r e s t r i c t s  convection t o  regions o f  re la t i ve l y  weak s tab i l i  ty. 
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L a n i c c i  ( 1  g84) used n u m e r i c a l  e x p e r i m e n t s  to t e s t  t h e  i n f l u e n c e s  o f  mil 
m o i s t u r e  on t h e  s e t w e  s t o r m  envi ronment .  He suggested t h a t  t h e  d i a b a t i c  
e f f e c t s  o f  rad ia t io t r  processes a t  t h e  l a n d  s u r f a c e  w e r e  s t r o n g l y  dependent 
on t h e  s o i l  m o i s t u r e  and i t s  h o r i z o n t a l  g r a d i ~ n t ,  and s i g n i f i c a n t l y  
i n f l u e n c e d  t h e  severe-s t  irt-ri envi  t-crimetit. i n c l u d i  tig t h e  d r y l i n e ,  l o w - l e v e l  
je t ,  l a t e n t  i n s t a b i l i t y ,  et  c. 
0 
C. Dynamic I n s t a b i l i t y  t i  t h e  Platietat-!d Bouridary Layer  
Based on l ineat - ized (ser tu rba t ion  analpi . : ;  i n  c o n j u n c t i o n  w i th  t h e  
n u m e r i c a l  exper iments,  C:hanq ( 1987) concluded t h a t  i t i  s i m m e r  o v e r  t h e  
t r o p i c a l  N o r t h  A f r i c a  dLyafniG i t is ta t l i l i  t y  possess ing t h e  p r o m i n e n t  
c h a r a c t e r i s t i c s  of A f r i c c n  wave disturbanceFs car1 occiit- i n  t h e  l o w e r  
t roposphere charac t e ri ZE d h y re1 a t i  ve l  y mark ed r r ier i  d i  onal  t erripe t-at u r e  
g rad ien t  (" 1'C p e r  100 kwr) and near-neutra l  s t a b i l i t y  as i n  t h e  unst-able 
POL. The deep near-neuti-a1 l a ~ e r  i s  c r e a t e d  tlu strcmg s u r f a c e  h e a t i n g  due 
t o  s o l a r  r a d i a t i o n .  As  shown in Fig.  3, t h e  i n s i a h i l i t y  r e s u l t s  i n  t h e  
p e r t u r h a t i o n s  o f  max imurn  q r o w t h  r a t e  hav inq a h o r i z o n t a l  sca le  (around 
2000 km) v e r y  c l o s e  t o  t i le  mean vvavelength o f  A f r i c a n  d is turbances.  
Reduct ion i n  t h e  hot- izontal  t h e r m a l  gracl idnt s h i f t e d  t h e  m o s t  uns tab le  
t?iode t o w a r d  t h e  s h o r t  YV ~ e s .  0 
Over t h e  soutbwestsrt-1 d e s e r t s  o f  t h e  U n i t e d  States,  t h e  s h o r t - w a v e  
distUt-banGes o f  s i r r i i l a r  t io r i zon ta l  sca le  as A f r i c a n  waves  a r e  o f t e n  
ohserved i n  t h e  l o w e r  trclposptiere i n  s u m m e r  under  r e l a t i v e l y  weak 
synop t i c (undi s t urt led) candi  t i  ons. Upon encoun t e r i  ng a po t en t i a1 1 y iins t ah1 e 
t r o p i c a l  a i r  mass, t h e  d is tu rbances  can t r i g g e r  heavy convec t ive  r a i n f a l l .  
The d is tu rbances  appear t o  o r i g i n a t e  o v e r  the  s o u t h w e s t e r n  d e s e r t s  w i th  a 
deep PEL. T h e  env i ronmenta l  condi  t i o n s  o f  t h e  s o u t h w e s t e r n  d e s e r t s  
resernble thisse o f  N o r t h  A f r i c a  i n  sut-nmer. The s h o r t  waves  m a y  have an 
o r i g i n  s i m i l a r  t o  A f r i c a n  waves. I f  so, an adequate t r e a t m e n t  o f  r a d i a t i o n  
processes i ti r e g i  onal  -sca l  e mode ls  i s  essen t i a1 f o r  i m p r o v i  tiq sonie f 1 ash 
f l o o d  f o r e c a s t i n g .  
I I  I .  RADIATIk'E TRANSFER 
The phys ica l  p r o c e s s s  t h a t  d i f f e r  f r o m  those o f  t h e  LAMPS model  used 
i n  pt-evlous case s t u d i e s  are  t h e  t r e a t m e n t  o f  r a d i a t i v e  t r a n s f e r s  and 
s u r f a c e  energy balance. In t i lodel ing r a d i a t i v e  t r a n s f e r s  and t h e  v e r t i c a l  a 
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ORIGINAL PAGE IS 
OF POOR QUALUY 
heat exchanges ovet- land, the  usual cons t ra in ts  of a numer ica l  model., Le., 
no t  t o  be too t ime-xnsuming ,  mus t  be considered. For  example, en exact 
t reatn lent  by i ntegi-at i  ng the rad ia t i ve  t rens f  et- equations over wove1 enqt h 
and op t ica l  pa th  i n  the model atmosphere i s  na2t des i rab le a t  t h i s  t ime .  
Some s i m p l i f i c a t i o w  ancl approxi tnat ions as descr ihed t le low are made i n  
t-riodel i nq these d i  at la t i  c processes. 
To so lve the  t rans fe r  equations f o r  i n f r a r e d  rad ia t i on  ti s i m p l i f i e d  
method based on an e m i s s i v i t y  technique w i l l  be used. The capab i l i t y  o f  
!he ern iss iv i  t y  technique has been stud ied by many researchers (Rodgers, 
1367; Fels and Schwat-zkopf, 1975; Chang, 1’380). The r e s u l t s  ind ica ted  
!hat the technique i s  an acceptable method f o r  numer ica l  p red ic t i on  
models. The d i f fe rences  i n  computed cool ing ra tes  between the emiss i v i  tu  
approxirriation and t.he Goody ( 1964) random model a re  on t h e  order  o f  0.1 ‘i 
per  day under a w i d e  va r ie t y  o f  a tmospher ic  condi t ions (Fels and 
ScRwarzkapf, 1975). For  model ing so la r  radiat ion,  a technique designed f o r  
the UCLA general c i i -cu la t ion model (Hal t i n e r  and Williams, 1980) and also 
use ! i n  the FSU t rop i ca l  p red ic t i on  model (Chsng, 1980) w i l l  be adopted f o r  
thi:: study. Only w u t e r  vapor  i s  considered a s  an o p t i c a l l y  ac t i ve  gas i n  the 
mol  e l  atrriosphere. 
The energy h a l i m e  a t  the  land sur face i r m l v e s  so la r  and i n f r a r e d  
i r rediance, and sen*:,ible and l a t e n t  heat f lux,  sssuming zero s o i l  tieat 
capaci ty.  The assutnpt ion i s  an t ic ipa ted  t-o hiisle l i t t l e  impac t  on the  nature 
o f  sur face  heat ing i n  sho r t - t e rm WWP. Sirrfa1:e heat ing i s  w e l l  k n o w  t o  he 
a s t rong func t i on  07 c loud covet- and mois turE content  i n  a i r .  The la rge  
change o f  s o i l  temperature i n  response t o  rad ia t i on  occurs i n  a laqer  o f  f e w  
ct i i  t h i ck  i n  a 12-h !!et-iod (Sel lers,  1967). The spec i f i c  heat capaci ty  o f  
mos t  s o i l s  i s  on !he order  o f  0.3 cal  gm- K- ’ .  The energy requi red f o r  a 
d ras t i c  warm ing  rete,  f o r  example 3*C per  hour, in the  thin l a y e r  i s  l ess  
than 5 percent  o f  tbe  incoming i r rad iance o r  +.he outgoing heat f lux .  Also., 
he It conduct ion ins ide  the  subsurface l aye r  i s  neglected. 
The sensih le  at-id l a t e n t  heat f luxes  are re la ted  by  a ground wetness  
parameter  wh ich  i s  approx imated 3s a l i nea r  func t ion  o f  sa tura t ion  r a t i o  
predic ted i n  the  model sur face layer .  The parameter  resembl ing the Rowen 
rat-io ranges f r o m  2 over  the dry  deser t  !o 0.5 over the  w e t  surface. T h i s  
energy balance approach i n  de termin ing  heat f lux over  land appeared t o  
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produce q u i t e  r e a l i s t i c  r m l t s  i n  t h e  niodel  : i rn i i la t icms o f  t h e  l o w - l e v e l  
c i r c u l a t i o n s  o v e r  N o r t h  A f r i c a  by Chanlj (198 1). 
A i ln ique f e a t u r e  o f  LAMPS i s  t h e  e x p l i c i t  f o r e c a s t  o f  c loud w a t e r  
w h i c h  i s  t r e a t e d  as an i m p o r t a n t  conipanent iiif m o i s t u r e  conserva t ion  i n  
t h e  model  e tmosphere.  I n  compar ison  w i th  t h e  p a r a m e t e r i z a t i o n  
approac h, th is r e p r e s e n f s  a m o r e  dynamica l l y  c o n s i s t e n t  w a y  i n  d e t e r m i n i n g  
t h e  l o c a t i o n  o f  model  c loud layers .  Thus, t h e  i n f l u e n c e s  o f  c loudiness on 
r e d i a t i o n  f i e l d  and s u r f a c e  enerqq .- c balatice, arid t h e  r e s u l t a n t  e f f e c t s  o!i t h e  
dynamic81 s y s t e m s  can be b e t t e r  resolved.  
I V. OBJECT I VES 
T h e  purpose o f  t h e  t-esearch i s  t o  o b t a i n  a q u a n t i t a t i v e  assessment  o f  
t h e  i m p a c t  o f  r a d i a t i o n - d y n a m i c s  i n t e r a c t i o n  on t h e  reg iona l  NWP o f  
mesosca le  s t o r m s .  F o r  th is purpose, w e  w i l l  c a r r y  ou t  -in-depth model  
f o r e c a s t  e x p e r i m e n t s  ols t h e  severe w e a t h e r  events  o c c u r r i n g  on 2 A p r i l  
1982. The e x p e r i m e n t s  t o  be conducted on t h e  NASA CRAY-X/MP computer  
f o r  !he case s t u d y  and t-he r e l a t e d  s c i e n t i f i c  quest ior ts t o  be s t r e s s e d  are  
s u m m a r i z e d  b e l  ow.  0 
1 )  A 24-h f ine-mesh f o r e c a s t  w i th  t h e  cclmplete model  phys ics .  
2) S i m i l a r  t o  l ) ,  except  w i t h o u t  the  e f f e c t s  o f  c loudiness i n  r a d i a t i v e  
3) S i m i l a r  t o  11, except  w i t h o u t  s t r o n g  s u r f a c e  heat ing  o v e r  a r i d  iand. 
warmingi 'cool i t ig  computa t ion .  
The f ine-mesh mode l  (Ax= 140 km) i s  in tended f o r  c r e a t i n g  t h e  severe 
s t o r m  env i ronment .  The f i r s t  exper iment  i s  a l s o  regarded as a cclntrol  rim 
The simiJ18ted r e s u l t s  w i l l  be compared w i th  observa t ions  f o r  e v a l u a t i n g  
t h e  model  per fo rmance.  Experitnetnt 2 i s  designed t o  t e s t  t h e  hypothes is  
t h a t  t h e  e f e c t s  o f  c loudi t jess on rad ia t i * , ie  t e m p e r a t u r e  changes o v e r  t h e  
~ r m s  o f  heavy p r e c i p i t a t i o n  w i l l  cause s i g n i f i c a n t  dynamic responses and 
tht s a l t e r  t h e  s t o r m ' s  st t -ucture.  Exper iment  3 i s  designed t o  t e s t  t h e  
t - i l l la thes is  t h a t  s u r f a c e  heat ing  o v e r  t h e  a r i d  land., f o r  example t h e  Mexican 
hichlat ids,  can a f f e c t  t h e  m o i s t u r e  a v a i l a b i l i t y  f o r  s t o r m  development  i n  
thE south-cent ra l  U n i t e d  Sta tes .  The clfise s tudy  chosen r e p r e s e n t s  a 
st t -onqlq d i s t u r h e d  s i t u a t i o n .  Thus, t h e  ques t ion  concern ing t h e  PBL 
d y m &  i n s t a b i l i t y  as ment ioned in  1I.c may n o t  be addressed w i th  th is  
case s tudy.  0 
QEOPOTENTIAL TEMPERATURE 
300 mb 
500 mb 
VECTOR w m  
700 mb 
Figure 1. Simulated 24-h difference fields (wet - dry run) at 1200 GHT 
21 May 1977. The geopotential height, interval i s  10 m an both 
700- and 500-mb levels and 20 m on the 300-mb level, the 
temperature interval i s  l0C and the isotach interval i s  5 m s-I 
for all three levels. The dashed contours denote negative values. 
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gure 2. (a) Simulated 24-h 500-mb height (solid 1 
speed (dashed lines in m s-l) at 1200 GMT 
observed conditions. 
nes in  km) and wind 
1 1  April 1979, and (b) 
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V. RESULTS 
Some prel i mi nary resul t s of the proposed numerical model experiments 
performed on 2 April 1982 case are presented. We find that although the 
atmospherlc redibtion has shown consistently cooling effects, the mean 
temperature of  the model atmosphere has actually increased due t o  the 
increase i n  latent heating i n  this case. Figures 3a and 4a show, 
respectively, the simulated 12-h and 24-h accumulation of convective 
precipitation for the reference run. The corresponding results for the 
model wi th the improved radiative transfer computation including the 
effects of cloudiness are presented in Figs. 3b and 4. The differences 
between the two simulations are quite striking. 
The 12-h simulations indicate that the improved radiation computation 
increases the maximum precipitation by about half inch in southeastern 
Missouri and generates a center of convection of f  the coast of  Florida (Fig. 
3b). For the 24-h simulations, Fig. 4a shows one major center wi th intense 
convection confined t o  the central mid-west states and a relat ively weak 
maximum o f f  the coast, while Fig. 4 shows multi-center structure wi th 
wide-spread convection over the nation. The former has no convective but 
substantial non-convective rainfalls (not shown) over Montana. 
Unfortunately, a t  this time we do not have adequate precipitation 
information f o r  a quantitative model verification. 
VI. CONCLUSIONS AND RECOMMENDATIONS 
The impact of radiation-dynamics interaction on the regional model 
simulations i s  obvious. It appears that radiative transfer results i n  the 
destabilization of  the model atmosphere. The model convective activities 
are enhanced end the model spin-up processes may be altered. 
We w i l l  carry out more numerical experiments i n  additional t o  those 
proposed earlier and engage i n  the in-depth diagnoses of model output. This 
w i l l  include other case studies and followed by energy diagnosis, the 
analysis of  relevant thermodynamic and dynamic variables, and the 
boundary layer convergence of moisture. A f te r  some quantitative 
assessment, we shall next investigate the radiation-dynamics interaction 
i n  a finer mesh model (e.g., 70 km grid size). 
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It i s  believed that regional models w i t h  a real ist ic treatment of 
atmospheric radiation provide a tool f o r  testing the usefulness of satel l i te 
observations in studying moist processes in the atmosphere. It i s  also 
desizable t o  compare, i f  possible, the vertical profi les of model-generated 
w i t h  those of satellite-observed irradiance for  further improvement in 
parameterizing model radiative transfer. 
0 
The ultimate goal of this e f for t  i s  to  achieve a better understanding of  
the diabatic effects of radiation on the regional weather systems and to  
improve regional-scale NWP. 
VI- 1 1  
0 
I 
MAX=' 2j.168 yDI= O.Oo0 fl9T=$mO I 
(b) 
Figure 3. Simulated 12-h accumulated convective precipitation for the 
case of 2 April 1982. (a) without and (b) with improved radiative 
transfer. Contour interval i s  5 mm. 
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(b) 
Figure 4. Similar to Fig. 3 except for the 24-h simulations. 
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